In this paper, we have developed an alternative method of finding the fuzzy membership function which leads the functions of trapezoidal fuzzy variables. Here we have used the concept of credibility theory to find out an alternative method of computing different type arithmetic operations of trapezoidal fuzzy variables. This method also lead us to find the membership function for the n th root of a trapezoidal fuzzy variable. The method has been illustrated with the help of some numerical examples.
Introduction
Fuzzy set and its operation were introduced by Zadeh (1965) . Thereafter, fuzzy arithmetic operation developed by many researchers, e.g. Dubois and Prade (1978) and Mizumoto and Mizumoto and Tanaka (1976) , Das et al. (2015b) , Chakraborty et al. (2015) , Das et al. (2015a) and others. Chen (1996) has developed the arithmetic operation of a trapezoidal fuzzy variable using Function Principle. The membership function of cubic root for triangular fuzzy variable introduced by Chou (2009a) . But, they cannot define a generalised method for finding the N th root of fuzzy variable. Zadeh (1978) defined a concept of possibility measure as a counterpart of probability measure. Since then, possibility theory has been studied by many researchers such as Dubois and Prade (1988) , Yager (1992) , Klir (1999) , Garai et al. (2016) , Chakraborty et al. (2014) and others. Necessity measure is defined as a dual part of possibility measure, but both possibility and necessity measure are not self-dual measure. Liu and Liu (2002) proposed the credibility measure. The credibility measure consists of a self-dual measure and an average part of possibility and necessity measure. Credibility measure is more generally discussed by Liu (2006) . A sufficient and necessary condition for credibility measures were introduced by Li and Liu (2006) .
The square roots of triangular fuzzy variable were introduced by Chou (2009b) . Banerjee and Roy (2012) defined the arithmetic operations on generalised trapezoidal fuzzy variable and Mahanta et al. (2010) proposed the new approach of fuzzy arithmetic operation with out using the method of α-cuts. Here we try to develop an alternative method of finding the membership function of the functions of trapezoidal fuzzy variables and its arithmetic operations based on credibility theory.
The rest of this paper is organised into different sections as follows. In Section 2, we recall some basic preliminary concept about possibility, necessity and credibility theory. In Section 3, we proposed a generalised method for finding the membership functions leading the function of trapezoidal variable. The arithmetic operations of trapezoidal fuzzy variables were discussed in Section 4. In Section 5, presented the numerical examples. Section 6 summarised the paper and also discussed the future work plan.
Basic preliminaries
Definition 2.1 (Dubois and Prade, 1988) : Let Ω be a non empty set and P (Ω) be the power set of Ω . For each A⊆ P (Ω), there is a non negative number P os{A}, which is called possibility and satisfies the following conditions:
The triplet (Ω, P os{A}, Pos) is called possibility space, and the function P os{A} is called the possibility measure.
Definition 2.2: Let (Ω, P os{A}, Pos) be a possibility space, and A be a set in P (Ω). Then the necessity measure of A is
Thus the necessity measure is the dual part of possibility measure, that is, P os{A} + N ec{A c } = 1 for any A ∈ P (Ω).
Definition 2.3 (Liu and Liu, 2002) : Let A be a sub set of P (Ω). Then the credibility measure of A is defined by
where A c denotes the complement of an event A. Furthermore for any A ∈ P (Ω), we have
A credibility measure holds the following properties 1 Cr{∅} = 0 and Cr{Ω} = 1
Let η be a fuzzy variable defined on the credibility space (Ω, P (Ω), Cr). Then its membership function is defined by
Credibility distribution
Let η be a (Liu, 2009 ) fuzzy variable, then its credibility distribution denoted by Ψ η : R → [0, 1] and defined by
It is clear that, credibility of the fuzzy variable η takes a value less or equal to x. If µ is a membership function of the fuzzy variable η, the credibility distribution of η is given by
Credibility distribution and density function of trapezoidal fuzzy variable
, then its membership function given by
4 )} be a trapezoidal fuzzy variable, the possibility of the event a ≤ x is
From the definition of credibility distribution, we determined the credibility distribution of trapezoidal fuzzy variable is given by
Definition 2.4 (Liu, 2010) : The credibility density function of an fuzzy variable η denoted as Ψ η : R → [0, 1] and defined by
, 4) be a trapezoidal fuzzy variable. Then the credibility density function ofã is given by
0 otherwise
Membership function for the functions of trapezoidal fuzzy variable
Let X =ã be a trapezoidal fuzzy variable and
be treated as the function of trapezoidal fuzzy variable, and here H is non-decreasing function. Membership function, credibility distribution and credibility density function of X are stated in the previous section.
by ψ(t) in the density function h 1 (x) and h 2 (x) i.e, we get h 1 (x) = ψ 1 (t) and h 2 (x) = ψ 2 (t). )} be a square of trapezoidal fuzzy variable, then the credibility distribution and credibility density function ofã 2 , as given follows.
Then the credibility distribution function of H(X) is given by
Ψ H(ã) (x) =                0 if x < h(a 1 ) Ψ 1 (x) = ∫ x h(a1) ψ 1 (t)n(t)dt if h(a 1 ) ≤ x < h(a 2 ) 1 2 if h(a 2 ) ≤ x < h(a 3 ) Ψ 2 (x) = 1 + ∫ x h(a4) ψ 2 (t)n(t)dt if h(a 3 ) ≤ x < h(a 4 ) 1 if x ≥ h(a 4 ) and membership function of H(X) is µ H(ã) (x) =        2Ψ 1 (x) if h(a 1 ) ≤ x < h(a 2 ) 1 if h(a 2 ) ≤ x < h(a 3 ) 2(1 − Ψ 2 (x)) if h(a 3 ) ≤ x < h(a 4 ) 0 otherwise
Square of a trapezoidal fuzzy variable
The credibility distribution ofã 2 is given by
i.e.,
and membership function ofã 2 is
N th root of trapezoidal fuzzy variable
1 N )} be the N th root of trapezoidal variable, then the credibility distribution and credibility density function ofã 1 N , as given here with
The credibility distribution ofã 1 N is given by
and membership function ofã
Inverse of a trapezoidal fuzzy variable
Let X =ã = {(a 1 , a 2 , a 3 , a 4 )} (a i ≥ 0, i = 1, 2, 3, 4) be a trapezoidal fuzzy variable and
)} be the inverse of trapezoidal fuzzy variable. Then the credibility distribution and credibility density function ofã −1 , as follows
and membership function ofã −1 is i.e.,
Negative of a trapezoidal fuzzy variable
Let X =ã = {(a 1 , a 2 , a 3 , a 4 )} (a i ≥ 0, i = 1, 2, 3, 4) be a trapezoidal fuzzy variable and −X = −ã = {(−a 4 , −a 3 , −a 2 , −a 1 )} be the negative of trapezoidal fuzzy variable. Then the credibility distribution and credibility density function of −ã, as mentioned follows. We consider t = −x, then | dx dt | = 1.
Then the credibility distribution function of −ã is given by
and the membership function of −ã is
Arithmetic operations of trapezoidal fuzzy variables

Addition of two trapezoidal fuzzy variable
} be the fuzzy variable ofã +b. We consider Ψã(x) and Ψb(t) be the credibility distribution function ofã andb, and µã(x) and µb(t) be the membership function ofã andb respectively. Then the credibility distribution ofã andb are defined by
and
The membership function ofã andb are defined by
Here we consider the credibility density function of the credibility distribution function forã is given by
At the beginning, equating Ψ 1 (x) with Ψ 1 (t) and Ψ 2 (x) with Ψ 2 (t). And so, we obtain t = γ 1 (x) and t = γ 1 (x) respectively. Consider w = x + t, so we obtain w = x + γ 1 (x) and w = x + γ 2 (x), clearly we get new function x = φ 1 (x) and x = φ 2 (x). Replacing x by φ 1 (x) and φ 2 (x) in h 1 (x) and h 2 (x), the credibility density function is converted in terms of w. We have rewritten as h 1 (x) = τ 1 (w) and h 2 (x) = τ 2 (w).
Then the credibility distribution function ofã +b is solved by
And the membership function ofã +b is 
Multiplication of two trapezoidal fuzzy variable
Let X =ã = {(a 1 , a 2 , a 3 , a 4 )} and T =b = {(b 1 , b 2 , b 3 , b 4 )} be two trapezoidal fuzzy variable. Suppose the multiplication ofã andb is defined by
Consider Ψã(x) and Ψb(t) be the credibility distribution function ofã andb, and µã(x) and µb(t) be the membership function ofã andb respectively. At the beginning, equating Ψ 1 (x) with Ψ 1 (t) and Ψ 2 (x) with Ψ 2 (t). Finally, it has obtained t = γ 1 (x) and t = γ 1 (x) respectively. Consider w = x.t, so we obtain w = x.γ 1 (x) and w = x.γ 2 (x), clearly we get new function x = φ 1 (x) and x = φ 2 (x). Replacing x by φ 1 (x) and φ 2 (x) in h 1 (x) and h 2 (x), then the credibility density function is converted in terms of w. We have rewritten as h 1 (x) = τ 1 (w) and h 2 (x) = τ 2 (w).
Then the credibility distribution function ofã.b is given by
And the membership function ofã.b is 
Numerical illustration
Example 5.1: Let us consider two trapezoidal fuzzy variableã = X = {(2, 5, 9, 12)} and (3, 6, 10, 14) }. Suppose W =ã +b = { (5, 11, 19, 26) }. Then the membership function ofã andb are given as follows
The credibility distribution function ofã andb is given by
And the density function ofã is
Here n 1 (w) = 1 2 and n 2 (w) = 3 7 . Thus the credibility distribution of w =ã +b is
And the membership function ofã +b is
Example 5.2: Let us consider two trapezoidal fuzzy variableã = X = {(1, 3, 5, 6)} andb = T = {(2, 4, 7, 9)}. Suppose W =ã.b = {(2, 12, 35, 54)}. Then the membership function ofã andb is followed such as
The credibility distribution function ofã andb are given by
Here n 1 (w) = 1 √ 1 + 4w and n 2 (w) = 1 √ 9 + 8w . Thus the credibility distribution of
And the membership function ofã.b is
Example 5.3: Letã = X = {(2, 4, 5, 7)} andb = T = {(1, 2, 10, 14)} be two trapezoidal fuzzy variable. Supposeã 2 = {(4, 16, 25, 49)} andb 2 = {(1, 4, 100, 196)} be the square ofã andb. Then the credibility distribution and membership function of a 2 are given below respectively
The credibility distribution function and membership function ofb 2 as given below 
Conclusions
This paper has proposed an alternative method of finding the membership function for functions of trapezoidal fuzzy variable from the concept of credibility measure. In general, the method of α-cuts has been used for finding out the membership function of the trapezoidal fuzzy variable. But, α-cuts fails to find the membership function of simple function like √ã (whereã is a trapezoidal fuzzy variable), the proposed method has been used to solve this purpose. The proposed method can also be applied to the optimisation problems under an imprecise environment which can be taken for further research.
